Castration has long been recognized to stimulate thymic growth and augment cellular immunity. We sought to determine whether castration affects B lymphopoiesis by analyzing the phenotype of bone marrow and spleen cells from animals postcastration. In this report, we show that the bone marrow cells from castrated male mice show a SUStained, twofold to threefold increase in numbers of B220+/ IgM-cells and of newly formed B220'/lgM+ B cells. Most of the expanded B220+/lgM-cell population consisted of small, HE GENERATION OF mature lymphocytes from progenitor cells is a stepwise process of proliferation and differentiation that has been well studied in mice and humans. Progenitor B cells in the bone marrow (BM) undergo a characteristic loss and gain of defined protein markers and f~nctions."~ For example, B-cell maturation involves the stepwise acquisition of Ig gene rearrangements, heat stable antigen (HSA) expression, cytoplasmic IgM expression, surface IgM expression and the gradual loss of the CD43 membrane protein. These progressions require direct interaction with stromal cells of the BM, as well as interactions with stromal cell products such as stem cell factor (SCF), insulinlike growth factor I, interleukin-4 (IL-4), and IL-7."*5 The end result of the normal maturation process is the export of fully functional, antigen-responsive B lymphocytes. Although much progress has been made in understanding some of the basic aspects of B-lymphocyte generation, less is understood about the regulation or dysregulation of this process.
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One of the regulatory influences that has been recognized but not understood is the dramatic effect that sex hormones appear to have on lymphopoiesis. Castration causes an increase in thymic s i~e~.~ and certain thymocyte subpopulations,' whereas pregnancy causes a transient decrease in thymic size?." More specifically, both testosterone injections in birds7 and estrogen administration in mice" have been shown to result in reversible involution of the thymus. It has also been found that testosterone administration results in a decrease in the size of the Bursa of Fabri~ius,',~*-~~ whereas castration results in an increase in the size of the bursa. 7 These results suggest that sex hormones may also influence B-cell compartments. Recently, Medina and coworkers have shown that pregnancy, as well as estrogen administration, causes a decrease in B lymphopoiesis in the mouse characterized by a preferential reduction in small pre-B cell^.'^.'^ In this report, we examined the effects of castration on B lymphopoiesis in the mouse. We show that castration has a profound effect on mouse BM cells characterized by an increase in the numbers of pre-B cells and newly formed B cells and causes an increase in the number of B cells in the spleen.
T MATERIALS AND METHODS

Animals.
Castrated or sham-castrated C57BW6 male mice were obtained from Taconic (Germantown, NY). Surgery was performed at 10 to 12 weeks of age.
Cell preparation. Mice were killed by CO2 inhalation. Singlecell suspensions of BM were prepared in RPM1 1640 plus 5% heatinactivated fetal calf serum by cutting across the epiphyses of both femur and tibia and flushing medium through the ends of bone using 
RESULTS
Phenotypic analysis of BM cells from sham-castrated ver-
sus castrated mice.
The purpose of these studies was to determine whether there were specific effects of castration on lymphopoiesis in the BM of male mice. Accordingly, phenotype analysis was performed on BM cells from animals that were castrated or sham-castrated 13 days before harvest. and a decrease in the percentage of cells expressing the GR-1 granulocyte or Mac-l macrophage markers (62% and 67% of the sham-operated animals, respectively). To determine whether the castration-induced alterations in the BM subpopulations were caused by a temporary metabolic/regulatory imbalance after castration or by permanent changes in the cellular composition, animals were studied 3 to 86 days postsurgery (Fig 2) . There was a threefold increase in the percentage of B220'/sIgM-B cells at 2 weeks postcastration that plateaued to around a twofold increase, as compared with control animals, which was sustained through 86 days. This increase appeared to represent an overall increase in these cells because the overall number of BM cells was similar (5.32 X lo7 ? 0.78 v 5.65 X lo7 ? 1.25) for the sham-castrated and castrated animals. There was also an increase in the percentage of sIgM' BM cells ( l .5-fold) that followed the increase in sIgM-cells by several days. The B220'/sIgM+ cells from the castrated animals were found to be small cells (by analysis of their forward light scatter profile, data not shown). Proliferation of total BM cells from castrated animals was also increased by an average of 1.4-fold over sham-operated animals during the first several weeks postsurgery (data not shown). These results show that there is a selective and long-lasting increase in the number of precursor B and newly formed B cells in the BM of castrated animals.
Characterization ofthe increased B220' cells in the BM of castrated animals. To define the increased population of cells more accurately, further phenotypic analysis was WILSON, MROSE, AND THOMAS performed, as shown in Fig 3. Two weeks postsurgery, the B220'kIgM-cells of the castrated animals showed a dramatic increase in the relative number of small cells (low forward scatter) as well as a smaller increase in the number of large cells. This shows that there was a preferential increase in the small B220'MgM cells in the castrated animal compared with those of the control, because there was an increased percentage of these small cells relative to the large (79% and 21%, respectively, in the castrated animals and 72% and 28%, respectively, in the sham-operated animals). The B220' BM cells from castrated animals showed a selective increase in the relative number of HSAh' cells and a selective increase in the number of CD43 cells (Fig 3C) . two characteristics of cells that have matured to the pre-B-cell stages. The changes in these three parameters are consistent with a selective increase in small, pre-B cells and a smaller increase in large pre-B cells' after castration. The sIgM+ subpopulation of the BM cells is composed of two distinct B220 populations (Fig 3D) . Cells from the castrated animals showed a selective increase in the population expressing lower levels of B220, whereas the population expressing higher levels of B220 remains fairly constant after castration. The B22Oh'/IgM+ population most likely repre- 
sents the stable pool of recirculating B cells described by Forster et al.''
Phenotypic analysis of the splenocytes from sham-castrated versus castrated mice. Because the data described above show that castration results in augmented generation of B cells in the BM, it was of interest to determine whether these cells emigrated to the periphery. Spleens from castrated mice were visibly larger, weighed more than those from sham-operated animals, and showed an increase in lymphocytes (Fig 4) . Phenotypic analysis of spleen cells showed that the increased cell numbers primarily reflected an increase in surface IgM+(sIgM+) B cells (Fig 4) . There was also an increase in CD4' and CD8+ T cells. No immature T cells (CD4+/CD8+ double positive) or pre-B cells (B220+/sIgM-) were found in the spleens of castrated animals (data not shown).
Characterization of the increased B cells in the spleens of castrated animals.
To distinguish whether the sIgM+ cells in the spleen of castrated animals were recent immigrants from the BM, resting B cells, or activated B cells, the size of the sIgM' cells as well as their HSA and IgD levels were determined. The splenocytes from castrated animals contained increased numbers of HSAhi cells (Fig 5B) , and the sIgMh' cells showed an increase in the percentage of sIgD'" cells (Fig 5A) , two features characteristic of recent immigration to the spleen.".*" The sIgM+ cells of the spleen of castrated animals also contained more cells with a B220'" phenotype (data not shown), another hallmark of less mature B cells.'9 Forward light scatter of B220' spleen cells from castrated animals showed no increase in large, activated B cells after castration (data not shown). Spleens of castrated animals and control animals had similar numbers of IgGbearing cells compared with those of controls (data not shown). Taken together, these results are consistent with ongoing emigration of increased numbers of B cells from the BM to the spleens of castrated mice.
DISCUSSION
The observations reported here show that castration has dramatic effects on the generation of B lymphocytes. We show that after castration, there is a threefold increase in the percentage of B220+/sIgM-cells (predominantly large and small pre-B cells), an increase in sIgM+ cells, and a decrease in granulocytes and macrophages in the BM. The spleens of castrated animals also contain increased numbers of lymphocytes comprised predominantly of B cells that appear to be recent immigrants from the BM. These results suggest that castration regulates the overall numbers of lymphocyte in animals, primarily through augmentation of the generation of new cells and not by the expansion of mature lymphocytes.
Our results and those of others suggest that gonadal hormones have a profound effect on the generation of pre-B cells. The inhibitory effect of sex hormones on B lymphopoiesis appears to require a functional hormone receptor, because we have observed that there is an increase in pre-B lymphocytes in Tfm mice (testicular feminized mice), which lack a functional androgen receptor (Wilson, Mrose, Thomas, unpublished results) similar to that in castration. How the excess of a sex hormone signal or the lack of it might regulate lymphopoiesis is unknown.
It is unclear whether testosterone or estrogen could potentially exert their activity via direct binding to lymphocytes," blasts:' stromal for example, that estrogen treatment of BM-derived stromal cells decreases their IL-6 prod~ction,'~ demonstrating that sex hormones can affect cytokine production by stromal cells thereby altering proliferative or differentiation signals to other cells. Therefore, increased lymphopoiesis because of an absence of sex hormones may occur via derepression of proliferative signals.
The simplest explanation for our observations is that castration results in increased production of IL-7. Indeed, others Cells,14. suggesting that an elevation in gonadal hormones can initiate an effect similar to IL-7 interference by antibody." Our castration experiments have shown the opposite to be true as well. Reduced levels of gonadal hormones after castration results in a phenotypic change in the BM grossly similar to that obtained with increased IL-7 exposure (increased B220+/sIgM-cells). We have characterized the expanded subpopulation in castration to be predominantly small pre-B cells, the same set of cells that is diminished in pregnancy and after estrogen injections. 15 Although the phenotype of the cells in castrated animals partly correlates with that of cells resulting from increased levels of IL-7 production, there is a difference between our results postcastration and those obtained with increased IL-7 exposure. IL-7 transgenic mice,28 mice transfected with an IL-7 expression vector,29 and mice injected with IL-725.2h all showed large numbers of immature sIgM" pre-B cells and CD4'/CD8' double-positive T cells in their peripheral organs. In contrast, castration did not result in sIgM" pre-B cells or immature T cells in the spleens of animals at any time postsurgery. Although the lack of immature cells in the periphery of castrated animals might simply be because of differences in the levels of IL-7 or other differentiation factors, we have found no evidence of increased IL-7 mRNA in animals 2 weeks postcastration (Wilson, Mrose, Thomas, unpublished observations). IL-7 receptor mRNA is increased in the BM of castrated mice (Wilson and Thomas, unpublished data), but this may simply reflect the increase in pre-B cells.
There are several other mechanisms by which pre-B cells might be expanded postcastration other than by upregulation of IL-7 or IL-7 receptor production. First, there could be an increase in stem cells committed to becoming B cells. Because these cells are so limited in BM preparations, it would be very difficult to detect a slight increase in this population. Second, there could be an increase in proliferation of cells committed to becoming B cells. This process may be driven by another known (such as SCF) or unknown factor. One such candidate factor, pre-B-cell growth-stimulating factor (PBSF), has been described recently by Nagasawa and coworkers.3" However, we have found that, similar to IL-7, PBSF and SCF do not appear to be increased in castrated mice BM (Wilson, Mrose, Thomas, unpublished data). Third, there could be a decrease in apoptosis of cells committed to becoming B cells. Experiments are in progress to examine these possibilities and to define the mechanism by which castration results in increased B lymphopoiesis.
In this report, we have defined the dramatic and novel phenotypic changes found in the BM and spleen of castrated animals. To define the mechanism by which this occurs, further studies are underway to determine whether there are alterations in the levels of known cytokines or cytokine reFor personal use only. on October 3, 2017. by guest www.bloodjournal.org From ceptors that would explain the postcastration phenotype, or whether the lymphopoietic changes might be caused by, as yet, unidentified differentiation factors.
